The interaction between sodium polystyrenesulfonate (PSS) and Triton X-100 (α-(4-octylpenyl)-poly(oxyethylene), TX-100) has been investigated by viscosity and conductivity measurements. The results show that the reduced viscosity of PSS increases with increasing PSS concentration at low constant TX-100 concentrations (0.006 -0.029 g/ml). On the other hand, at higher constant TX-100 concentrations, 0.048 and 0.062 g/ml, the reduced viscosity decreases with increasing PSS concentration. The behaviour of conductivity of PSS in pure water is quite different from that in the presence of TX-100.
Introduction
Commercially important applications of polymer-surfactant aggregates often derive from their interactions at surfaces. For instance, they are used in the wetting and flotation of minerals, in enhanced oil recovery, as deposition aids, and for surface conditioning [1] [2] [3] [4] [5] [6] . The interactions between surfactants and polymers have been extensively studied in recent years [7] [8] [9] [10] [11] . The binding of ionic surfactants with oppositely charged polymers has been reported to be cooperative, starting at a characteristic surfactant concentration, the so-called critical aggregation concentration. As the concentration of the bound surfactant exceeds that required to neutralize the polymer, precipitation occurs. Addition of excess surfactant can redissolve this precipitate if the polymer charge density is below a certain value or if non-ionic surfactant is mixed with the charged surfactant [3] [4] [5] .
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The forces, which control the association, are a combination of electrostatic and hydrophobic interactions between polymer, surfactant and solvent molecules [1] . The interaction is very dependent on surfactant chain length but essentially independent of the molecular weight of the polymer above a certain minimum value [12] . Charged surfactants interact strongly with polyelectrolytes of opposite charge, often giving concentrations 2 -3 orders of magnitude below the critical micelle concentration [13, 14] . By contrast, only weak interactions have been indicated between non-ionic surfactant and polymer or between surfactant and polyelectrolyte of the same charge. The electrostatic contribution is the main cause for this, and binding is assumed to be more site-specific than in the case of uncharged polymers. Binding isotherms are also very steep here, indicating a cooperative way of binding reminiscent of micelle formation; micelle-like clusters adsorbed to the polymer chain are also believed to represent the binding in this case. For some polyelectrolytes, binding isotherms with more than one binding step are reported [15] . This is due to the presence of a hydrophobic group in the vicinity of the charged group in these polyelectrolytes.
In this paper, we present a systematic study on the interaction of Triton X-100, a nonionic surfactant, with sodium polystyrenesulfonate, an anionic polymer. We have carried out precision viscosity and conductivity measurements on dilute (0.1 -0.7 wt.-%) PSS solutions in the presence of various amounts of TX-100. The objective of this study is to gain insight into physicochemical properties of dilute PSS solutions under various conditions of PSS concentration and surfactant addition.
Experimental part

Materials
Triton X-100 used as non-ionic surfactant was supplied by Merck-Schuchardt and has an average molecular weight of 647. Triton X-100 was 99% pure and was used as received without further purification. Sodium polystyrenesulfonate (PSS) was used as anionic polymer supplied by Aldrich (USA) and has a molecular weight of 70 000. Double-distilled water was used as a solvent for both surfactant and polymer.
Viscometric measurements
All measurements were performed at 30.0 ± 0.1°C with a Canon-Fenske type capillary viscometer equipped with a model OSK 2876 that was immersed in a constant temperature bath. Experiments were performed with sets of constant TX-100 concentrations ranging from 0.006 to 0.062 g/ml with varying amounts of PSS ranging from 0.1 to 0.7 wt.-%. The reduced viscosity, η red , was calculated for each TX-100/PSS/ water solution.
Conductivity measurements
Interactions between Triton X-100 and PSS were also determined by measuring conductivities on an AC-13 conductivity meter with a cell constant of 1.03 cm -1 . Solutions in the conductivity cell were stirred magnetically and thermostated at 30 ± 0.02°C. Specific conductivity was determined by applying the solvent correction.
Results and discussion
Experimental results for viscosity were obtained with sets of constant polymer concentrations ranging from 0.1 to 0.7 wt.-%, and varying the TX-100 concentration from 0.006 to 0.062 g/ml at constant temperature (30°C). The reduced viscosity, η red , for each TX-100/PSS/H 2 O solution was calculated according to standard procedures using as 'solvent' viscosity that of the corresponding TX-100/H 2 O solution [1, 5] .
The viscosity data in Fig. 1 show the dramatic evolution of reduced viscosity for constant TX-100 concentrations with varying amounts of PSS due to strong interactions in certain composition intervals. The viscometric behaviour of PSS in pure water in comparison with that in TX-100 solution is shown in Fig. 1 (a) . For TX-100 concentrations between 0.006 and 0.029 g/ml, the reduced viscosity is very sensitive to the polymer concentration and the amount of TX-100 present. This can be observed in Fig. 1 (b) , where a small maximum at 0.2% polymer concentration develops for 0.015, 0.019 and 0.029 g/ml TX-100 concentrations, and an inflection or a shallow minimum followed by a sharp increase with increasing polymer concentration. The viscosity at 0.006 and 0.024 g/ml TX-100 concentrations shows a similar behaviour, but the developed maximum is shifted to higher polymer concentration at 0.3%. At high TX-100 concentrations, 0.048 and 0.062 g/ml, the reduced viscosity decreases with increasing polymer concentration as shown in Fig. 2 . Fig. 3 shows the additive effect of TX-100 on the conductivity of PSS. The conductivity curve of PSS in aqueous solution in the absence of TX-100 is linear with a positive slope, indicating that all added PSS is non-associated. A closer inspection of Fig. 3 demonstrates that the conductivity curves of PSS in the presence of TX-100 are non-linear. A non-linear variation suggests that there are interactions between PSS monomers and TX-100 micelles. The conductivity data in Fig. 3 show a dramatic evolution for constant TX-100 concentration due to strong interactions at certain PSS compositions. At 0.029 g/ml TX-100, it can be seen that the minimum in the conductivity curve seems to be matched by a maximum in reduced viscosity (cf. Fig. 1 ). This can be attributed to the change in the medium properties in view of the structure-breaking effect of TX-100. This is due to the fact that the addition of TX-100 additive leads to a decrease in the relative permittivity of an aqueous medium [16] , which may in turn result in a hydrophobic hydration of PSS monomers by TX-100 molecules. The increase in the viscosity of the medium will, therefore, subsequently reduce the mobility of the ionic species [17] .
The trend of the respective conductivity curve in the presence of 0.095 M TX-100 is reverse (Fig. 3) . Such an addition effect shows an increase in the solubilization of PSS monomers by surfactant micelles owing to the increase in solvophobic interactions between TX-100 micelles and PSS monomers. Previous studies found that the aggregation number of surfactant molecules in aggregates with PSS was significantly lower than with other polymers since the hydrophobic contacts between the styrene group of the polymer (PSS) and the surfactant chains reduce the surfactantsurfactant interactions along the polymer chain, thereby decreasing the number of surfactant molecules in the aggregate.
This hypothesis has been verified by NMR data, which show that the styrene group of PSS penetrates into the hydrocarbon region of the bulk phase of the surfactant [18] . Furthermore, the decrease in reduced viscosity in Fig. 1 (b) , accompanied by an increase in conductivity (Fig. 3) , can be attributed to the destruction of macromolecules of PSS as a result of the hydrophobic interaction between the styrene group of PSS and the hydrocarbon region of TX-100 at high surfactant concentration (0.095 M). This suggests that the interactive network formed between chain elements of the polymer (PSS) may be disrupted in the presence of 0.095 M TX-100.
